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(54) CARBON-ALUMINUM COMPOSITE MATERIAL 

(57) Abstract: 

PURPOSE: To provide a carbon-aluminum composite 
material in which the coefficient of linear thermal 
expansion is controlled equally to that of a ferrous 
material as a piston for a reciprocating internal 
combustion engine and a seal material used in an 
environment of high temps, or that in which the temp, 
changes, light in weight and having self-lubricity. 



phases of carbon and aluminum or their alloy are all 
formed of continuous ones, the volume content of carbon 
occupied in the composite material is regulated to 50 to 
85vol%, pores are present at the inside of the carbon by 
1 to 14vol% to the carbon, the content of pores other 
than those in the carbon is regulated to 210vol% to the 
whole body of the composite material, and the balance 
aluminum or the alloy thereof, and the coefficient of 
linear thermal expansion is regulated to 7x10" 6 /K to 
15 X 10" 6 /K is produced. 
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(54) CARBON-ALUMINUM COMPOSITE MATERIAL 
(57)Abstract: 

PURPOSE: To provide a carbon-aluminum composite material in which the coefficient of 
linear thermal expansion is controlled equally to that of a ferrous material as a piston for a 
reciprocating internal combustion engine and a seal material used in an environment of high 
temps, or that in which the temp, changes, light in weight and having self-lubricity. 
CONSTITUTION: The carbon-aluminum composite material in which, in a composite material 
in which the phases of carbon and aluminum or their alloy are all formed of continuous ones, 
the volume content of carbon occupied in the composite material is regulated to 50 to 85vol%, 
pores are present at the inside of the carbon by 1 to 14vol% to the carbon, the content of 
pores other than those in the carbon is regulated to <10vol% to the whole body of the 
composite material, and the balance aluminum or the alloy thereof, and the coefficient of 
linear thermal expansion is regulated to 7><10-6/K to 15*10-6/K is produced. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] A coefficient of thermal expansion is controlled on a par with iron system 
material, this invention is lightweight, and offers carbon and an aluminum composite with self-lubricity, 
and this material is suitable for it as a sealant used in the environment where the piston for gone type 
internal combustion engines, and an elevated temperature or temperature changes. 
[0002] 

[Description of the Prior Art] Since aluminum is lightweight, it is used for the piston of an internal 
combustion engine etc. However, aluminum or its alloy has a coefficient of thermal expansion as large 
as 21xlO-6/K. The coefficients of thermal expansion of a general iron system material are 10 - 12x10- 
6/K, and are the abbreviation half of aluminum. In a gone type internal combustion engine, the 
consumption efficiency of fuel becomes good, so that the gap of a piston and a cylinder is narrow. This 
gap is made so small that the coefficient of thermal expansion of material is small. Or a gap is narrowly 
made, so that the coefficient of thermal expansion of a cylinder and a piston is near. A merit is large, if 
the material of an iron system is used widely and a cylinder can make the coefficient of thermal 
expansion of the lightweight piston made from aluminum the same as iron system material now. An 
engine oil can be lessened if lubricity is furthermore in the material itself. 

[0003] Since carbon has self-lubricity, it is used as the sealant of the axis of rotation, or a solid bearing. 
The common carbon material which burned and hardened carbonaceous or the graphite particle lacks in 
reliability, when toughness uses it as a structural material low. A coefficient of thermal expansion is 
quite small compared with 3 - 5xlO-6/K, and iron system material. Moreover, although the intensity of 
the C/C composite which is the carbon material strengthened with the carbon fiber is also high and it is 
high enough to the grade which can also use toughness for a structural material, the coefficient of 
thermal expansion is governed by the coefficient of thermal expansion of a carbon fiber, and it is [ 0 - 
lxlO-6/K, and ] very a low. Moreover, since it is a fiber strengthening composite, an anisotropy is in the 
physical properties, and the configuration as parts is restrained in many cases, and it is hard to use as 
structure material. Iron system material is widely used for the shaft of the partner whom a sealant and 
bearing material contact. However, the difference of the coefficient of thermal expansion of a common 
carbon material, or a C/C composite and iron system material is large, and it is not suitable for use in the 
environment where an elevated temperature or temperature changes. 

[0004] The material made from aluminum or carbon of being used independently is rare, and in many 
cases, it is used as a certain parts, combining it especially with the material of an iron system with other 
materials. When used in the environment where especially an elevated temperature or temperature 
changes, it is important that a coefficient of thermal expansion is close to the material of an iron system. 
[0005] 

[Problem(s) to be Solved by the Invention] Although the composite of aluminum or its alloy, and a 
carbon or a graphite is lightweight and it is known as a material which has self-lubricity, there are the 
following troubles in the existing material about thermal-expansion behavior. Coefficient-of-thermal- 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



9/23/02 



Page 2 of 5 



expansion alphac of a carbon fiber strengthening aluminum composite It is expressed with the following 

formula (I) by making v into an aluminum volume fraction. It is alpha 1 here. The coefficient of thermal 

expansion of aluminum, and alpha 2 The coefficient of thermal expansion of a carbon fiber, and El The 

elastic modulus of aluminum, and E2 It is the elastic modulus of a carbon fiber. It is El as central value. 

70GPa(s) and E2 It is 21x10-6 12 to 250GPa(s) and alphal. The change to the concentration of the 

aluminum of the coefficient of thermal expansion of this composite is shown in the curve 1 of drawing 

1 , using OxlO-6/K respectively. [ K and alpha2 ] 

[0006] 

[Equation 1] 

El ai v + Ez ag (l-v> 

a c = - (I ) 

E | v + E 2 ( 1 - v) 

[0007] At the composite which sank aluminum into the carbon material which burned and hardened 
carbonaceous or the graphite particle, like a carbon fiber strengthening aluminum composite, since a 
carbon phase and an aluminum phase are continuous phases, respectively, the coefficient of thermal 
expansion of this composite is expressed with a formula (I). It is El as central value. 70GPa(s) and E2 
10GPa(s) and alphal 3.5x10-6 12 The change to the concentration of the aluminum of the coefficient of 
thermal expansion of this composite is shown in the curve 2 of drawing 1 , using 21xlO-6/K 
respectively. [ K and alpha2 ] 

[0008] Since carbon is not a continuous phase, the composite which distributed carbon or the graphite 
particle in aluminum is more strongly influenced by the composite which sank aluminum into the carbon 
material which burned and hardened carbonaceous or the graphite particle of aluminum. Therefore, 
generally the coefficient of thermal expansion of the composite which distributed carbon or the graphite 
particle in aluminum is larger than the curve 2 of drawing 1 , for example, change represented by the 
curve 3 is shown. 

[0009] That is, in the composition ratio (the volume fraction of aluminum is 15 - 85vol%, and the 
remainder is carbon) by which the effect which compounded aluminum and carbon with the existing 
technology is fully demonstrated, coefficient-of-thermal-expansion [ of iron system material ] 10 - 
12xlO-6/K cannot be obtained. Then, as a result of inquiring wholeheartedly that these technical 
problems should be solved, both carbon and aluminum were continuous phases, and by the composite by 
which a suitable quantity of pore is contained in carbon, this invention person found out that the above- 
mentioned problem was solvable, and resulted in this invention. That is, the purpose of this invention 
has a coefficient of thermal expansion in near and offering the carbon and the aluminum composite 
which is lightweight and has self-lubricity at iron system material. 
[0010] 

[Means for Solving the Problem] A deer is carried out and the volume fraction of the carbon which 
occupies both these purposes to this composite in the composite carbon, aluminum, or its alloy of whose 
is a continuous phase is 50 - 85vol%. 3 - 10vol% pore exists in the interior of carbon to this carbon, and 
the pore besides this carbon receives the whole composite, less than [ 6vol% ] The remainder is 
aluminum or its alloy and it is easily attained by the carbon and the aluminum composite characterized 
by line coefficients of thermal expansion being below 15xlO-6/K, and more than [ more than 7x10- 
6/K]. 

[001 1] this invention is explained in detail below. The carbon of this invention consists of a carbon atom 
substantially, and is continuation in three dimensions. Especially a carbonaceous gestalt is not limited. 
For example, amorphous carbon, a glassy carbon, etc. which hardly show the graphite from which the 
graphite crystal developed, carbonaceous [ with bad development of a graphite crystal ], or an X 
diffraction can use such mixture etc. Furthermore, specifically let a natural graphite, an artificial 
graphite, the corks for steel manufacture, foundry coke, pitch coke, a needle coke, carbon black, 
activated carbon, etc. be raw materials. Let the carbonaceous material which carried out the heat 
specialization of the gas, such as methane, and was directly made from the gaseous phase be a raw 
material. Moreover, the organic substance, such as a pitch and thermosetting resin, can be used as a 
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carbonaceous precursor. When using carbon as a carbon particle, generally an about 0.1-5000- 
micrometer thing is suitable. 

[0012] As it is more strongly influenced of the thermal expansion of big aluminum if a carbon phase is 
not continuation, and shown in the curve 3 of drawing 1 , the coefficient of thermal expansion of a 
composite becomes large and is not desirable. Moreover, if only a carbon fiber is used for carbon, the 
pore inside the carbon mentioned later becomes out of range [ this invention ], and the elastic modulus 
of a carbon fiber is higher than aluminum about 1 figure, and the coefficient of thermal expansion of a 
carbon fiber becomes dominant, and as shown in the curve 1 of drawing 1 , although it is unsuitable, 
adding a small amount of carbon fiber to a carbon phase will not interfere. The concentration of the 
carbon in a composite is 50 - 85vol%. Since the content of aluminum falls and the toughness of a 
composite falls while a coefficient of thermal expansion will become small too much, if carbon 
concentration is higher than this, it is not desirable. Moreover, a coefficient of thermal expansion 
becomes it that aluminum is superfluous too much larger than iron system material, and the self-lubricity 
lubricity of a composite will be lost. 

[0013] On the other hand, the aluminum of this invention is a pure aluminium or its alloy. Since the 
coefficient of thermal expansion of an aluminium alloy seldom changes with the composition, 
composition of an alloy can be chosen by other physical properties, such as an elastic modulus of a 
composite. The only requirements should just be continuing in [ aluminum ] three dimensions in a 
composite. The toughness of a composite falls that aluminum is discontinuous. As everyone knows, 
carbon itself is a brittle material and it depends for the high toughness of a composite on aluminum. If 
this aluminum is discontinuous, a composite becomes weak and is not suitable as a structural material. 
[0014] The pore in carbon is the pore surrounded with carbon. A carbonaceous coefficient of thermal 
expansion is smaller than aluminum. Since the carbon which surrounds pore has pore, it is easy to 
deform, a big thermal expansion of aluminum is absorbed, and a coefficient of thermal expansion 
smaller than the value expected from a formula (I) is realized. The pores in this carbon are the most 
important requirements among this invention, the amount of pores — carbon -- receiving — 1 - 14vol% — 
it is preferably [ 3 - 10vol% of] good If there is too much pore in carbon, a carbon phase stops 
discovering an original property, and is unsuitable. Moreover, since the capacity which controls a 
coefficient of thermal expansion will be lost if too few, it is unsuitable. The size which is contained in a 
carbon phase [ **** ] and functions as a phase whose carbon phase is one, i.e., a size with the typical 
size of a carbon phase small about 1 figure, is suitable for the size of pore as the upper limit. Since it 
becomes an atomic defect and stops already functioning as pore when pore becomes a size of the same 
grade as a carbon atom, it is unsuitable. Therefore, the size of the pore in carbon has desirable 0.01-100 
micrometers. In addition, especially the configuration of pore is not limited. 
[0015] The pore besides carbon is pore which exists in the interior of the interface of carbon and 
aluminum, or aluminum. Mainly, depending on aluminum, the pore besides carbon serves as an origin of 
destruction of aluminum, and the intensity of a composite reduces the intensity of a composite. 
Therefore, the amount of pores besides carbon is less than [ 10vol% ] to the whole composite, and less 
than [ 6vol% ] is preferably good. 

[0016] The carbonaceous particle which has the suitable pore for the interior as a method of making the 
composite of this invention is burned in an inert atmosphere, a hammer-hardening porosity object is 
made, and there is the method of sinking the molten metal of aluminum into this porosity object. As for 
both the obtained carbon and the aluminum composite, carbon, aluminum, or its alloy a continuous 
phase Nothing, The volume fraction of the carbon occupied to this composite is 50 - 85vol%, 1 - 14vol% 
14vol% pore exists in the interior of carbon to this carbon, and the pore besides this carbon receives the 
whole composite, less than [ 10vol% ] The remainder is aluminum or its alloy and line coefficients of 
thermal expansion are more than 7xlO-6/K below 15xl0-6/K. This composite is cast by the conventional 
method and is suitably used as a piston or various sealants of a gone type internal combustion engine 
etc. 
[0017] 

[Example] An example is used for below and this invention is explained to it still in detail. 
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The binder (phenol resin) was mixed with the example 1 carbonaceous particle (pitch coke, an average 
of 100 micrometers), after applying and fabricating a pressure, it calcinated at about 3000 degrees C, 
and the porosity object of average line coefficient-of-thermal -expansion 4.4x1 0-6/K to 125 degrees C 
was acquired from 1 . 17g [/cc ] bulk density and the room temperature. When the pore in the carbon of 
this porosity object was measured by method of mercury penetration, it was about 8 vol(s)% to carbon. 
JIS heated at 800 degrees C at this The eight sort A aluminium alloy (AC8A) set to H21 17 (1975) was 
sunk in by the pressure of about 800 MPa(s), and the composite was made. 

[0018] The average line coefficients of thermal expansion from the room temperature of the obtained 
carbon and the aluminum composite to 125 degrees C were 14xlO-6/K. When the cross section of this 
composite was observed with the scanning electron microscope, all pores existed in carbon. Moreover, 
the size of this pore was about 50 micrometers or less. The content of each component which carried out 
density of 2.2g [ cc ] /and an aluminium alloy in 2.64g/cc, and computed carbonaceous density from 
weight change at each process was pore 0vol% besides carbon pore 8vol% in carbon (as opposed to 
carbon) aluminium alloy 43vol% carbon 53vol%, respectively. 

[0019] The coal tar pitch was used as example 2 binder, and also the porosity object of average line 
coefficient-of-thermal-expansion 4.5xlO-6/K from 1.3 lg [/cc ] bulk density and a room temperature to 
125 degrees C was acquired by the same method as an example 1. When the pore in the carbon of this 
porosity object was measured by method of mercury penetration, it was about 4 vol(s)% to carbon. The 
composite was made by the same method as an example 1 after that. They were average line coefficient- 
of-thermal-expansion 14xlO-6/K from the room temperature of the obtained carbon and the aluminum 
composite to 125 degrees C. When the cross section of this composite was observed with the scanning 
electron microscope, all pores existed in carbon. Moreover, the size of this pore was about 25 
micrometers or less. The content of each component computed by the same method as an example 1 was 
pore 0vol% besides carbon pore 4vol% in carbon (as opposed to carbon) aluminium alloy 38vol% 
carbon 60vol%, respectively. 

[0020] The porosity object of average line coefficient-of-thermal-expansion 5.0xlO-6/K from 1.54g 
[/cc ] bulk density and a room temperature to 125 degrees C was acquired by the same method as an 
example 1 except using pitch coke of 50 micrometers of example 3 mean particle diameters. When the 
pore in the carbon of this porosity object was measured by method of mercury penetration, it was about 
5 vol(s)% to carbon. The composite was made by the same method as an example 1 after that. The 
average line coefficients of thermal expansion from the room temperature of the obtained carbon and the 
aluminum composite to 125 degrees C were 1 1.3x1 0-6/K. The content of each component computed by 
the same method as an example 1 was pore 0vol% besides carbon pore 5vol% in carbon (as opposed to 
carbon) aluminium alloy 28vol% carbon 70vol%, respectively. 

[0021] After mixing and carrying out extrusion molding of example 4 needle coke (an average of 50 
micrometers) and the binder (coal tar pitch), it calcinated at about 3000 degrees C, and the porosity 
object of average line coefficient-of-thermal -expansion 2.4x1 0-6/K to 125 degrees C was acquired from 
1.66g [/cc ] bulk density and the room temperature. When the pore in the carbon of this porosity object 
was measured by method of mercury penetration, it was about 5 vol(s)% to carbon. The composite was 
made by the same method as an example 1 after that. The average line coefficients of thermal expansion 
from the room temperature of the obtained carbon and the aluminum composite to 125 degrees C were 
7.8xlO-6/K. When the cross section of this composite was observed with the scanning electron 
microscope, in a part of pores, the remaining pore mainly existed in the interface of carbon and an 
aluminium alloy in carbon. Moreover, the size of the pore in carbon was about 10 micrometers or less. 
The content of each component computed by the same method as an example 1 was pore 4.5vol% 
besides carbon pore 5vol% in carbon (as opposed to carbon) aluminium alloy 18vol% carbon 75vol%, 
respectively. A round mark shows the line coefficient of thermal expansion of the carbon and the 
aluminum composite obtained in the example above to drawing 1 . The same or near material as 
coefficient-of-thermal-expansion [ of iron system material ] 10 - 12xlO-6/K is obtained. 
[0022] (Example of comparison) 

The pitch based carbon fiber and JIS of example of comparison 1 modulus-of-elasticity-in-tension 

http .7/www4. ipdl j po.go.j p/cgi -bin/tran_web_cgi_ejj e 9/23/02 



Page 5 of 5 



250GPa The eight sort A aluminium alloy (AC8A) set to H21 17 (1975) was composite-ized by the 
forging cast process, and the aluminium alloy volume-fraction 75vol% 1 direction strengthening 
aluminum composite was made fiber volume-fraction 35vol%. The average line coefficients of thermal 
expansion from the room temperature measured to the grain direction to 125 degrees C were 7.5x10- 
6/K. 

[0023] The pitch based carbon fiber and JIS of example of comparison 2 modulus-of-elasticity-in- 
tension 250GPa The eight sort A aluminium alloy (AC8A) set to H21 17 (1975) was composite-ized by 
the forging cast process, and the aluminium alloy volume-fraction 50vol% 1 direction strengthening 
aluminum composite was made fiber volume-fraction 50vol%. The average line coefficients of thermal 
expansion from the room temperature measured to the grain direction to 125 degrees C were 5.1x10- 
6/K. 
[0024] 

[Effect of the Invention] A line coefficient of thermal expansion suitable as a sealant used in the 
environment where the piston for gone type internal combustion engines, and an elevated temperature or 
temperature changes is controlled on a par with iron system material, and this invention is lightweight 
and offers carbon and aluminum composite material with self-lubricity. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the composite both carbon, aluminum, and its alloy of whose is a continuous phase, the 
volume fraction of the carbon occupied to this composite at 50 - 85vol% 1 - 14vol% pore exists in the 
interior of carbon to this carbon, and the pore besides this carbon receives the whole composite, less 
than [ 10vol% ] The carbon and the aluminum composite characterized by for the remainder being 
aluminum or its alloy and line coefficients of thermal expansion being below 15xlO-6/K, and more than 
[more than 7xlO-6/K]. 

[Claim 2] The piston for gone type internal combustion engines which consists of carbon and an 
aluminum composite indicated by the claim 1. 



[Translation done.] 
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